Introduction
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The incretin hormones are gastrointestinal insulin-releasing peptides involved in the 45 regulation of postprandial nutrient homeostasis. Postprandial release of these hormones forms 46 part of the entero-insular axis which contributes significantly to normal glucose homeostasis, particularly in the period following the consumption of a meal (Flatt & Green, 2006; Baggio For hormone secretion and gene expression studies approximately 2x10 6 pGIP/Neo 138 STC-1 cells were seeded into 12-well plates with DMEM and allowed to attach overnight 139 (37 o C; 5% CO2), media was removed and cells were washed (3 times; HEPES buffer) 140 (Mccarthy et al., 2015) . Cells were pre-incubated in 1 ml of HEPES buffer for 1h. Buffer was 141 removed and cells were co-cultured with 2x10 9 live bacteria for 3h (37 o C; 5% CO2). Cell 142 supernatant (HEPES Buffer) was aspirated and collected in a fresh tube, placed on ice and 143 centrifuged (5000g, 5 min) to remove any cellular debris. Supernatant was collected and 144 stored at -70 o C prior to GLP-1 and GIP immunoassays. mRNA was isolated from cells using 145 a commercial RNeasy Mini Kit (Quigen, Manchester, UK). Additional GLP-1 secretion 146 studies (3h; 37 o C; 5%CO2) were performed with a mixture of L-alanine (20 nmol/L), L-147 histidine (20 nmol/L) and L-proline (10 nmol/L). Studies were also conducted with L. 148 rhamnosus (2x10 9 CFU/mL) alone or in combination with either a Myd88 blocking peptide 149 (50µM; Pepinh-MYD, Invivogen, Toulouse, France), or an anti-CD14 antibody (anti-mouse 150 IgG, Cambridge Biosciences, Cambridge, UK). To ensure that hormone measurements were 151 not the result of cytolysis the release of lactate dehydrogenase (LDH) was measured in a 152 series of experiments where, 10 10 , 10 9 , 10 8 , 10 7 or 10 6 LAB were co-cultured with 2x10 6 153 pGIP/Neo STC-1 cells for 3h. No cytolysis was detected. GIP concentrations were 154 determined by commercial competitive ELISA kit (Phoenix pharmaceuticals, Inc. California, 155 USA) by following the manufacturer's instructions. GLP-1 concentrations were measured 156 using an in-house fully optimised radioimmunoassay which used anti-rabbit IgG Sac-Cel Samples of test buffer (3 ml) were spiked with 0.3 ml Norleucine (1.5 mg/ml; internal 161 standard) and mixed in ddH2O (10ml) for 1 min. Samples were then centrifuged (3,500g, 162 4°C, 25 min) and the supernatant collected. Pellets were re-suspended in ddH2O (5 ml receptors (GPR40, 41 and 120) were examined. These were compared against L. casei, which 238 did not stimulate incretin hormone secretion but did alter incretin gene expression. L. 239 rhamnosus modestly increased the expression of GPR40 (2.4±1.4-fold) and decreased 240 GPR120 (0.4±0.01-fold) and had no effect on GPR41. By comparison L. casei upregulated 241 GPR-40 by 6.7±1 and GPR-41 by 28.0±4 fold and left GPR120 unchanged. The isolate Lb-3 242 was also examined (data not shown) and it did not affect the expression of any of the three 243 FFA receptors. Supplementary Table 1 . Whilst up-regulation in the 250 expression of some genes was evident the majority were down-regulated following L. 251 rhamnosus co-culture ( Figure 4B ). Some of the most profound changes in expression 252 occurred in genes identified as "Adaptors & Interacting Proteins" ( Supplementary Table 1 ).
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Most notably CD14 expression was up-regulated most (17.5-fold) and Myd88 was down-254 regulated greatest (23.4-fold). The application of the MyD88 blocking peptide (Pepinh-255 MYD) alone evoked a significant GLP-1 secretory response ( Figure 4C ; 2.3-fold; P<0.001), reference culture of L. rhamnosus positively influenced all four incretin hormone parameters 280 which prompted us to select it for further investigation. It is well established that incretin 281 hormone secretion can be stimulated by the presence of either amino acids or fatty acids in 282 the lumen of the intestine (Baggio & Drucker, 2007) . Therefore, we examined whether L. 283 rhamnosus was influencing GLP-1 secretion through a nutrient-based mechanism. The 284 bacterial metabolism of L. rhamnosus appeared to elevate the levels of three amino acids (L-285 alanine, L-proline and L-histidine) in the test buffer, yet when tested these amino acids did 286 not stimulate GLP-1 secretion. It is well known that Lactobacillus spp. (including L. 287 rhamnosus) can produce various fatty acids, most notably short-chain fatty acids (SCFAs) 288 such as butyrate (Umeki et al., 2004; Licciardi et al., 2010) . Fatty acids are known to be 289 secretagogues of GLP-1 and GIP. We found that FFA receptor expression (GPR40, 41 and 290 120) in EE cells was affected by co-culture with lactobacilli. L. rhamnosus modestly 291 increased mRNA transcripts of one medium/long chain FFA receptor (GPR40) but reduced 292 that of another medium/long chain FFA receptor (GPR120). However, it was clear that L. 293 rhamnosus did not affect the expression of the SCFA receptor GPR41 and when measured 294 the levels of butyrate in the culture medium were unaffected (data not shown) indicating that 295 production of SCFAs was unlikely to be responsible for observed effects on EE cells. There 296 is a potential limitation in this study -that changes in other FA receptors expressed on 297 enteroendocrine cells (such as GPR119 for example) were not examined. A role for 298 medium/long chain fatty acids cannot be completely ruled out, however, it is clear that L. 299 casei (which is devoid of incretin secretory activity) had more profound effects than L. 300 rhamnosus on FFA receptor expression (i.e. GPR40 and 41).
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In a separate phase of studies we attempted to ascertain whether L. rhamnosus could 302 be influencing GLP-1 secretion through its direct interaction with the EE cell surface. This 303 was prompted by the observation that in co-culture the majority of L. rhamnosus cells closely 304 co-localise with pGIP/Neo STC-1 cells, even when cells were seeded at lower densities. We 305 thought that the most logical mechanism for a bacterial-mammalian cell interaction was Supplementary Table 1 ) was performed. This produced quite startling results -there was 310 a broad (but not exclusive) down-regulation of the genes in the TLR family, some of which 311 were reduced by more than 20-fold. TLR2 and TLR4 receptors were significantly down-312 regulated, but some of the biggest changes were in the expression of adaptor proteins 313 involved in TLR signalling. These included the cell surface antigen CD14 which was 314 increased almost 18-fold and the adapter protein MyD88 which was decreased 23-fold.
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These two proteins were tentatively investigated for their potential involvement in L. This finding suggests that down-regulation of MyD88 320 expression/activity leads to higher levels of GLP-1 secretion, although it cannot be 321 definitively stated that this is the precise mechanism for L. rhamnosus-stimulated GLP-1 322 secretion. We also found that the application of an antibody directed against murine CD14 323 alone had no effect on GLP-1 secretion but it significantly attenuated L. rhamnosus- , 2015) . This group concluded that since L. reuteri did not modulate 349 faecal microbiota it is likely that Lactobacillus spp. have a direct effect on host physiology -350 a proposition which this study supports.
351
Conclusion
In conclusion, this study has shown that there is considerable potential to increase and drafted the manuscript. All authors approved the final version of the manuscript to be Changes in free fatty acid receptor gene expression were examined following L. rhamnosus 559 co-culture and compared against vehicle control and L. casei (a Lactobacillus strain which 560 did not stimulate incretin hormone secretion but did influence incretin gene expression. Data 561 represent means ± SEM (n=3) and statistical significance is indicated (*P <0.05 and 562 ***P<0.001 compared with control; ns-not significant; One-way ANOVA). 
